46 Fig 1 Cavernous sinus venogiaphy byfrontal vein injection. Modified axial view (subtraction). There is a filling defect in the right cavernous sinus with lateral displacement ( -) due to asymmetrical pituitary enlargement. The tumour is also causing backward displacement ofthe posterior intercommunicating sinus on the right side. +-, Superior ophthalmic vein.
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--*-, Inferior petrosal sinus orbital venous system; and it is also essential to place a rubber band around the hair-line to prevent escape of contrast medium over the scalp. An advantage of the technique is that both superior ophthalmic veins fill simultaneously, thus allowing a direct comparison of the abnormal side with the normal orbit; in this way minor displacement of the veins can be detected. A plan view of the orbit is a useful extra projection, and may show displacement, not easily detected on the anteroposterior view. Good contrast filling in this plane will show the cavernous sinus on both sides, and also the inferior petrosal sinuses; this allows demonstration of pituitary enlargement by displacement of the cavernous sinus (Fig 1) . Shiu et al. (1968) , using catheterization of the inferior petrosal sinuses, have shown the advantages of basal sinus venography in detecting early enlargement of the pituitary. Their technique involved bilateral catheterization of the internal jugular vein. As can be seen from Fig 1, adequate filling of the basal venous sinuses may be achieved by frontal vein injection and this comparatively simple technique must make it the method of first choice. Certainly the test should now be applied in any case with doubtful pituitary enlargement on plain X-ray and also to show the lateral extension of an established pituitary tumour.
Apart from the demonstration of a spaceoccupying lesion by displacement of the orbital veins, an abnormality may occasionally be demonstrated in the orbit, by filling of a pathological circulationfor example, the venous component of an angioma may fill. With regard to orbital varices, it is sometimes easiest, especially in children, to find a superficial varix and inject it directly. This also ensures that the pathological veins are filled. Another method we have employed is to inject the veins directly at orbitotomy, which may be a useful procedure especially in young children in whom the standard technique may be very difficult and good preoperative studies almost impossible to obtain. The number of radiological investigations which may be performed for the discovery and demonstration of a cerebral tumour has increased to eight or nine. For many reasons it is no longer appropriate to proceed from investigation to investigation without careful thought about their relative values. A frequent choice is that between carotid angiography and brain scanning; but comparative data are very scanty in the literature (Goodrich & Tucker 1965 , Overton et al. 1965 , Witcofski et al. 1967 , Kennardy et al. 1969 .
During the years in which brain scanning was introduced, it was correctly assumed that plain X-ray studies should come first and then the safe procedure of scanning should precede carotid angiography in virtually all tumour suspects. If, however, it can be sbown by analysis of previous cases that in a particular kind of patient the brain scan is bound to be followed by a necessary carotid angiogram, the argument for doing the brain scan first falls to the ground. Further, if it can also be shown that the carotid angiogram provides the same information and more than the scan, there are grounds for questioning whether the scan should be done at all.
Ultimately the choice between two investigations must depend not only upon the amount of information available from each but also upon how much the information is really worth to those who have to act upon it. This general statement is particularized in a debate about the relative values of angiography and the scintillation scan for, though there can be no doubt, as will be shown, that angiography delivers over the whole range of diagnoses a greater quantity of information, there is room for discussion about how much of this information is essential in patient management.
Sources of Data
The data upon which this discussion rests have been obtained in two ways: (1) The propor. ions of tumour types were obtained from 167 consecutive patients with supratentorial metasellar tumours subjected to carotid angiography. Records of about 400 patients with tumours proven by operation or autopsy have been examined using the file of information held on magnetic tape for the computer-assisted diagnosis of cerebral tumours run jointly by du Boulay & Price (1968); 97 of these were among the 167 of the basic material and have been analysed to reveal the diagnostic value of angiography in supratentorial 'metasellar'l tumours. In addition to a mass of detail in the computer file, some of which will be used in the analysis, there are certain simple groupings. Three of these are useful for the present purpose: (a) The number of patients whose angiograms revealed clear localizing evidence by vascular displacement. (b) The number of patients whose angiograms revealed tumour circulation typical of a particular pathological type. (c) The number of patients whose angiograms revealed tumour circulation not typical of any pathology.
Since 'typical' tumour circulation as defined for the computer program is highly specific, these records give data by which the successes of angiography in localization and prediction of pathology may be estimated.
(2) The present authors reviewed the records of all patients who had had technetium 99m brain scans at St Bartholomew's Hospital up to the middle of 1967 (McAlister et al. 1969) in order to determine the success of brain scanning in demonstrating the presence of different types of tumour. Sixty-four patients were subsequently proved to be suffering from meningiomas, gliomas or metastases. These formed the basis of the comparison with angiography, and represent a sample of the same population as the angiogram series.
The Questions to be Answered The analysis requires answers to the following questions: (1) What proportion of positive diagnoses may be obtained by each investigation 'I.e. other than tumours around and in the pituitary fossa in each type of tumour? How exact is localization? (2) Does the anatomical situation affect the success rate of diagnosis? (3) In what proportion of patients may the pathology be predicted by each investigation (bearing in mind that the diagnosis of tumour type may be made pre-operatively also by other means or may be inessential)? (4) What information is provided by the two investigations about size and margins of the tumour?
The final assessment of usefulness of the two investigations should be related to the clinical presentation of the patient. What is sought is the best regime of investigation for patients with different symptom complexes. It is therefore necessary to take into account those investigations which should be performed before either angiography or scanning. Some laboratory tests, probably the EEG and certanly the plain skull X-ray, come into this category.
ANSWERS 'TumourPresence' and Clear Localization
The figures derived from 'localizing' vascular displacements and tumour circulation are set out in Table 1 in comparison with scanning successes.
It will be seen that success rates for scans are given for all areas together, while the angiography figures relate purely to carotid angiography and thus exclude the majority of posterior fossa tumours. This, in our material, is justifiable because of the extremely low numbers of posterior fossa tumours in the main groups of scanned patients, and the poor performance of scanning in demonstrating them. Advances in scanning technique may affect this balance if more posterior fossa tumours can be demonstrated; but since these can only be shown radiologically by investigations other than carotid angiography (e.g. vertebral angiography), they are not really relevant to the present discussion. When, however, metastases are under discussion, their multiplicity may be of importance (this is discussed below), and in such cases improvement in detection of posterior fossa tumours by scanning Table 1 , it may be informative to mention different pathologies in turn.
Meningiomas: Percentage pick up and correct localization are virtually identical from the two investigations. Gliomas: There are differences of emphasis. From our figures the success rate of scans in Grade I astrocytoma is not obtainable; but it is general experience that such benign tumours are poorly picked up and localized (<40%), while Grades III and IV become increasingly apparent (from 84 % to 91 % positives).
With angiograms, on the other hand, the success rate in Grades ,11 and III taken together is as high as 85 %. The most malignant, however, are sometimes not so very precisely localized (67 %). (They are, of course, demonstrated as present in most cases.) Metastases: These are difficult to analyse because so many patients die with known primary tumours and clinical or radiological evidence of intracranial secondaries, but without coming to operation or autopsy. If such 'probables' are included in the figure, the success rate of scanning is found to be only 53 %, unless all the 'site unknown' scanning failures on 'probable' metastatic patients had tumours in the posterior fossa, when the success rate for supratentorial metastases approaches 100%.
Among operated cases it reaches 85 % and this is perhaps a more realistic figure. Compare this with angiography which gives a clear tumour localization in rather more than 82% of supratentorial tumours of this type, but sometimes only after bilateral investigation. Pituitary adenomas: Our figures for the demonstration by scan technique of suprasellar extensions of perisellar tumours group adenomas and craniopharyngiomas together. The proportion of adenomas to craniopharyngiomas in our material is about 3 :1. The detection rate by scanning is very low while angiography, as judged purely by upward displacement of the precommunicating part of the anterior cerebral artery, demonstrates the presence of 62 % of adenomas and 81 % of craniopharyngiomas. For other reasons, however, even angiography is not to be regarded as the best investigation in these patients. Air studies are better. Acoustic neuroma: Our experience is small. There are reports of scanning successes, but all these tumours were probably of substantial size, diagnosable without any contrast examination. The purpose of contrast examinations in such cases is as much to reveal anatomical relationships as to confirm the existence of a tumour.
With small tumours neither scanning nor angiography is an investigation of significance.
In summary, therefore, as far as the main types of cerebral tumour are concerned, scanning and angiography run neck and neck in the demonstration of the presence and exact position of meningiomas, and in both the success rate is so high that for this purpose the examinations are alternatives, not complementary.
In the glioma series scanning is slightly more successful than angiography with very malignant tumours, angiography more successful than scanning with the more benign.
Scanning for metastases appears to have a definite edge over angiography since unsuspected tumours may be revealed on the opposite side of the head or in the posterior fossa, and these would require multiple arterial studies for their detection. For pituitary tumours and for acoustic neuromas scanning techniques do not provide a very valuable diagnostic aid.
Effect ofAnatomical Site upon Successful Detection
Some ideas about this have already emerged. It may be said without further discussion that the detection of posterior fossa masses by scanning is not yet so reliable that it can replace other investigations aimed at the posterior fossa (Quinn 1965 , Quinn et al. 1967 ), but carotid angiography is not one of these. If an unexpected second tumour in the posterior fossa is found at scanning, this may be regarded as a bonus in favour of isotope techniques. It had been thought by us that the high technetium 99m uptake of the temporal and neck muscles might obscure the temporal tumours, but our figures have not supported this idea. The success rates for different grades of glioma in the temporal region are about the same as in the other areas. Angiography, however, is particularly effective for localization of temporal gliomas (94 % for all grades combined).
The idea that angiography is ineffective in the diagnosis of corpus callosum gliomas cannot be sustained when detailed consideration is given to the central veins.
In summary, if perisellar tumours are excepted, the only important distinction on a regional basis is that, between the infra-and supra-tentorial compartments, the scan may provide extra, even unexpected, information about the infratentorial region and this may be improved with advances in technique.
Prediction ofPathological Type ofTumour Localization is, however, by no means all that is expected of radiology. Help is rightly sought in the diagnosis of tumour type as an aid to prognosis, as guidance towards the type of treatment to be offered and sometimes as an indication that biopsy is inessential.
The pre-operative diagnosis of tumour type is well worth pursuing as it aids a right balance between burr-hole biopsy, the turning of a whole bone flap and, moreover, the avoidance of operation on such lesions as infarcts or angiomas.
How then do the two investigations fare? Present scanning techniques have proved ineffective in determining the type of tumour except for a few unusual specific instances (glioma in the corpus callosum and metastases when multiple tumours are demonstrated).
Angiography on the other hand offers much more: 'Typical' tumour circulation was found in 11/52 gliomas (21 %), in 15/35 meningiomas (43 %), and in 2/10 metastases (20%). Some atypical tumour circulation was found in 12/52 gliomas (23 %), 9/35 meningiomas (26 %.) and 5/10 metastases (50%), usually giving strong leads to the distinction of malignant from benign tumours. If these figures are summed and averaged it appears that angiography provides highly reliable type diagnosis in 29 % of supratentorial metasellar tumours, and some helpful leads in up to another 27%.
The finding of 'typical' tumour circulation in both glioma and meningioma cases is specific in something approaching 100% of the cases in which it occurs.
Diagnosis of tumour type does not, however, depend solely upon these two investigations and it may well antedate both angiography and scanning in certain cases.
The plain X-ray is most important. Seventeen out of 43 meningiomas in the supratentorial compartment (but distant from the sella) showed characteristic enostosis, or hypertrophy of the groove for the middle meningeal artery on plain X-ray. A considerably greater proportion showed changes which were suggestive without being conclusive. Thus, in nearly half the cases of meningioma the arteriogram loses any preeminence which it may have gained in terms of pathological diagnosis, for by the time the arteriogram is done the pathological diagnosis should already have been made.
At this point in the argument it is necessary to take into consideration the various forms of treatment which may follow the diagnosis of a cerebral tumour. Some may suggest that the combination of clinical findings and brain scanning will be sufficient to avoid mistaking angiomas, infarcts and hiematomas for gliomas and metastases, though we are aware of specific instances of such errors.
There are those who do not agree that angiography is often an essential step in avoiding these errors. When a brain scan has been carried out and shows an intracerebral area of increased uptake in a region where attempted removal of a tumour would be fruitless, such workers may consider it unnecessary to proceed to angiography to confirm the diagnosis. It may therefore be important to know how many patients this proposition might be applied to. The 'sum' is set out in Table 2 and is described below.
All intracerebral, purely frontal tumours which might prove at operation to be gliomas should be excluded from the sum. Many. neurosurgeons would offer to the patients helpful partial (or even complete) excisions, and prior to the attempt the surgeon needs to know as much as possible about the posterior margins of the tumour. In our experience neurosurgeons always require angiography for this purpose.
In order to perform the calculation set out in Table 2 it is necessary to know the following facts: (1) The proportion of meningiomas, gliomas and metastases in the proven material which is being analysed. (2) The proportion of gliomas which were not in the frontal region. (3) The proportion of gliomas which were in the corpus callosum. (4) The proportion of metastases in which the patients had known primary tumours. (5) The proportion of patients with metastases who on scanning showed multiple areas of uptake. (6) The proportion of the remainder of the solitary metastasis which were not frontal. (7) The proportion of meningiomas in which the pathological diagnosis was made prior to scanning by plain X-ray.
There were 57 meningiomas (34 %), 70 gliomas (42 %), and between 21 and 40 metastases (12 % to 24% depending upon the degree of proof required) in the whole material. If 24 % is taken for the metastases figure (all were cases with known primaries), and the proportions 2 to 7 above are converted to proportions of the total material, it Table 2 The proportion of tumour cases in which a pathological diagnosis might conceivably not be needed after scanning prior to angiography on the grounds that (1) it has already been made by plain X-ray, (2) it is provided by the scan itself or (3) has been calculated that the proposition 'an attempt to further the pathological diagnosis by angiography is not required, because the tumour is inoperable or the diagnosis known', applies to rather less than half of all patients with supratentorial metasellar tumours. We do not subscribe to the proposition for reasons given above; but for those who may, the argument provides a basis for investigating all supratentorial metasellar tumours in a similar manner, i.e. scan first. It should be pointed out, however, that if these inoperable tumour patients were subjected to carotid angiography, a near-certain pathological diagnosis would be obtained in 26 % and demonstration of the malignant nature of the mass in up to another 36 %. It should also be noted that the sum includes, as not requiring angiography, half of all the meningiomas. Few neurosurgeons agree with this attitude at present.
Size and Margins ofTumours
The last consideration before making an assessment dependent upon clinical presentation is one concerning the clear demonstration of size, extent and margin of tumours which must be of great importance to the radiotherapist as well as to the neurosurgeon. X-ray examinations are notoriously bad at demonstrating the exact and full extent of a tumour, particularly a malignant one. Even benign tumours like meningiomas may not have their edges clearly revealed all the way round. The computer file contains such information; but the criteria are very strict. If by 'margin of tumour determined' we mean that we have seen 75 % of the margin in two directions at right-angles to one another, only one-sixth of supratentorial metasellar meningiomas fulfil the criterion. For practical purposes, however, the margin may be extrapolated from much smaller arcs of visibility than 75% and it would be rare to remain in serious doubt about the size of a benigh globular meningioma after angiography.
As far as angiography is concerned, the edges of malignant tumours are very poorly demarcated.
How good is the scan? Little work has been done to find out. At first glance scans give pictures which look like clear-cut well-defined tumours. Many factors, however, must be taken into account when trying to define the tumour edge, and at present it is difficult to locate it more accurately than a centimetre or so. Moreover, there are cases where the more benign areas of tumour do not show up.
It is clear from a comparison of scan and angiogram in glioma cases that areas of tumour circulation and of isotope uptake do not always exactly coincide. Therefore, for the fullest possible appreciation of tumour extent, both investigations may be necessary.
Suggested Regimes ofInvestigation
Based upon all these considerations, it is possible to recommend regimes of investigation in different groups ofpatients:
(1) The patient presents with signs and symptoms suggesting a malignant cerebral tumour but with no known primary growth elsewhere. Because a proportion of meningiomas and nonneoplastic lesions present unexpectedly in similar ways, and also because, in our experience, there is a difference in the management of malignant tumours in different situations and of different gradings, angiography should be performed first. In the vast majority it will be required anyway. In a comparatively few patients after angiography and prior to surgery, there will be important doubts about the exact location of the mass which may be settled by scanning. In a few a negative scan after an inconclusive angiogram may suggest either a benign glioma, or an old or very recent infarct.
(2) The patient presents with clinical evidence, supported by plain X-ray findings, that he has a meningioma. Angiography will be demanded by the majority of surgeons and in those cases the scan is superfluous. A few surgeons will operate without recourse to angiography on the basis of the scan and plain X-ray alone, but this is as yet an experimental situation.
(3) The patient presents with a known primary tumour, or with signs suggesting multiplicity of tumours. A scan may be all that is required. (4) The patient presents with some such symptom as epilepsy of late onset, without overt evidence of tumour clinically, or on plain X-ray; but some reassurance is sought by the clinician that he is not overlooking a benign and removable tumour. The likelihood of finding any tumour is extremely small and type diagnosis by no means the main problem. A scan is indicated; it will probably be negative. Angiography offers so little extra information in this group that there will only be need for it in cases with positive scan results. In this regime a few low-grade astrocytomas will escape detection for considerable periods. (5) The ideal methods of diagnosis in patients thought to be suffering from intracranial abscess and from subdural hvmatomas are not covered by any of these arguments.
